This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



CORRECTED 
VERSION* 



PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C08K 3/32, C08J 3/20, C08L 23/06 


Al 


(11) International Publication Number: WO 99/23145 
(43) International Publication Date: 1 4 May 1 999 ( 1 4.05.99) 


(21) International Application Number: PCT/SE98/01940 

(22) International Filing Date: 27 October 1998 (27.10.98) 

(30) Priority Data: 

970401 3-3 3 November 1997 (03. 1 1 .97) SB 

(71) Applicant (for all designated States except US): ASEA 

BROWN BOVERI AB [SE/SE]; S-721 83 Vasteras (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JOHANSSON, Tommy 
[SE/SE]; LupinvBgen 2, S-722 46 Vasteras (SE). KORSKE, 
Hakan [SE/SE]; Bomansgatan 7, S-722 20 Vasteras (SE). 

(74) Agents: BERGLUND, Stefan et al.; Bjerkens Patentbyra KB, 
Ostermalmsgatan 58, S-l 14 50 Stockholm (SE). 


(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI, FI (Utility model), GB, GE, 
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK 
(UtUity model), SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, 
SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 

Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: A METHOD FOR PRODUCING A MATERIAL, A COMPOSITION AND A USE OF THE COMPOSITION 



(57) Abstract 




A method of producing a materia), according to which method a particulate polymer is mixed with a particulate, inorganic hydroxide, 
and the mixture is treated in such a manner that it forms a solid body. Before said treatment the polymer is given an average particle size 
in the order of 500 /xm or less. The invention also concerns a composition comprising the particulate polymer and the particulate, inorganic 
hydroxide, where the average particle size of the polymer is in the order of 500 p.m or less. The composition is used for producing a solid 
body suitable to constitute a component in a power electronics device. 



♦(Referred to in PCT Gazette No. 7/2000, Section 10 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


ST 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajkistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 
BG 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MK 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


IX 


Saint Lucia 


KU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/23145 



PCI7SE98/01940 



5 Method for producing a material, a composition and use of 

the composition 

BACKGROUND OF THE INVENTION AND PRIOR ART 

10 The present invention concerns a method for producing a 
material, according to which method a particulate polymer is 
mixed with a particulate, inorganic hydroxide and the 
mixture is treated in such a manner that it forms a solid 
body. 

15 

The invention also concerns a composition, comprising a 
particulate polymer and a particulate, inorganic hydroxide, 
which composition is suitable to be treated in such a manner 
that it forms a solid body. The invention also concerns a 
20 use of said composition. 

As a way of description but not limiting purpose the 
invention will be described with reference to HVDC- 
applications (HVDC = High Voltage Direct Current) , that is 

25 applications where a strong direct current voltage is 
present and where it is desired that components, arranged 
close to current conducting conductors and other electrical 
equipment, are both insulated and fire resistant. A typical 
example of such an application is the stations or plants 

30 where alternating current which is conducted in leads on 
land is converted to direct current in order to, for 
example, with a sea-cable be conducted in water, for example 
a longer distance across a large straight or the like. 

35 In such stations or plants there are a large number of 
components with different tasks but with the common feature 
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that they preferably are of an insulating kind. Furthermore, 
it is extremely important that they have very good fire 
resistant properties, since a fire in such a plant would 
have devastating consequences caused by thereby arisen power 
5 failures, for example cutting off the light in whole cities. 

An example of such a component is the cooling water tubes 
which exist in such a plant. For the above mentioned reasons, 
it is extremely important that these, when they are exposed 
10 to strong heat or a flame of fire, does not catch fire. 

Such tubes are often made of polymer materials, since these 
materials by reasons of manufacture are suitable for 
producing tubes and moreover may be brought to have 

15 preferable physical and mechanical characteristics. A 
problem is however the fire resistant properties of such 
materials. It is desirable that these materials fulfil the 
classification UL V0, which is the best fire class according 
to Underwriter's Laboratories. The classification is done in 

20 that a vertically positioned test rod of the material is lit 
in its lower end with a bunsen flame under given conditions. 
The burning time after the bunsen flame has been removed is 
measured. The classification UL V0 means in principle that 
the test rod is extinguished within 5 seconds and that no 

25 burning drops fall from the rod. There are extremely few 
thermoplastic polymer materials which have such fire 
resistant properties in combination with the other physical 
and mechanical characteristics which such a tube should 
have. A known material which as such is fire resistant and 

30 which has satisfactory mechanical characteristics is 
polyvinyl idene fluoride, PVDF, which above all is 
characterised by a high resistance to chemicals and flame 
proof ness at an elevated temperature. However, should such a 
fluoride plastic material like PVDF be exposed to such a 

35 strong outer influence by heat or fire from an external fire 
source that it is set fire to, it has the disadvantage that 
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it then emits poisonous, strongly corrosive gases. Further 
disadvantages are its high density and high price. For want 
of better alternatives PVDF has, however, been used in tube 
applications of the mentioned kind. 

With other polymers, such as polyethene, PE, which does not 
have as good fire resistant properties as PVDF, it is 
necessary to add a flame inhibiting means to the polymer 
itself in order to achieve fire resistant properties . The 
flame inhibiting means may be an inorganic hydroxide with 
the capacity to split to form water when it is exposed to 
high temperatures. A known example of such a hydroxide is 
aluminiumtrihydrate, ATH. Its good flame inhibiting effects 
have been known for long. However, for conventional 
production of fire resistant components including for 
example polyethene and ATH as main components, a very high 
content of ATH (about 40-60% by weight) is required in order 
for the material to achieve the best fire classification. 
This results in particular in a strongly reduced ductility 
of the material, which is not desirable for tube 
applications. In the conventional production a granulate of 
the polymer is mixed with a powder of the inorganic 
hydroxide and is thereafter treated by for example hot 
pressing or extrusion with the purpose of forming the 
desired component, for example a tube. 

It if were not for the reduced ductility of the material, a 
mixture of polyethene and aluminiumtrihydrate would be 
suitable for the mentioned tube applications, since 
polyethene is an inexpensive material and since polyethene 
as well as ATH are advantageous materials from an 
environmental point of view. In order to achieve a 
sufficiently high ductility, with the present method of 
production, such low contents of ATH in the material are 
required that the fire resistant properties cannot fulfil 
the requirements called for by authorities and others in 
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connection with for example HVDC- applications . This can be 
said to be the case generally for materials which 
principally comprise a polymer which is made fire resistant 
by means of addition of an inorganic hydroxide. 

5 

SUMMARY OF THE INVENTION 

A purpose of the present invention is thus to present a 
method of producing a material which comprises a polymer and 
10 an inorganic hydroxide, wherein the material has good fire 
resistant properties thanks to the inorganic hydroxide, 
while the hydroxide is present in such a low content in the 
material that it does not dramatically influence the 
mechanical characteristics, in particular the ductility. 

15 

This purpose is achieved by the method as initially defined, 
characterised in that the polymer, before said treatment, is 
given an average particle size in the order of 500 
micrometers or less. Thereby an essentially improved mixture 

20 of the inorganic hydroxide in the polymer is obtained 
compared to when methods of production of the conventional 
kind are used, by which a polymer granulate with an average 
particle size of 1-3 mm is used. Due to the improved mixture 
of the inorganic hydroxide a relatively seen higher flame 

25 inhibiting effect is achieved at a given content of the 
inorganic hydroxide in the material. A smaller amount of the 
inorganic hydroxide than for a conventional production is 
thus required in order to achieve corresponding fire 
resistant properties of the material. The smaller amount of 

30 used inorganic hydroxide leads in its turn to an improved 
ductility of the material, which is desirable in particular 
for the production of such components as cooling water tubes 
in HVDC-plants. 

3 5 Concerning the mixture which is used in the method according 
to the invention the following should be noted: preferably 
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the mixture does not comprise any larger amounts of any 
other materials than the particulate polymer and the 
inorganic hydroxide. However, smaller amounts of other 
materials may be included, for example small amounts of 
5 known stabilizers for the polymer may be included in the 
mixture (preferably in the form of antioxidants) . Such 
stabilizers or antioxidants may already be included in the 
particulate polymer or may be added to the mixture before or 
during the formation of the solid body. Suitably such 
10 further material is included only to a very small part, for 
example some percentage by weight. 

According to another preferred embodiment, the polymer is 
given an average particle size in the order of 250 nm or 

15 less, preferably 100 urn or less and most preferred 25 nm or 
less. As the average particle size is made smaller a 
correspondingly improved distribution of the inorganic 
hydroxide is achieved in the particulate polymer, and a 
correspondingly smaller amount of inorganic hydroxide is 

20 required for achieving the required fire resistant 
properties. The advantageous distribution of the inorganic 
hydroxide in the polymer presuppposes of course that the 
hydroxide has a relatively small average particle size. The 
use of fine particulate inorganic hydroxides is however not 

25 new by itself, but is usual in conventional methods of 
production, where the inorganic hydroxide which is used most 
often is present in powder form with a very small average 
particle size. In this case its average particle size is 
equal to or less than that of the polymer, preferably in the 

30 order of 10 urn or less. 

According to a further preferred embodiment, the polymer is 
a thermoplastic resin. Such plastics are generally more 
suitable than thermosetting resins for the suggested method, 
35 since thermosetting resins suitably are arranged in the form 
of a liquid resin and a liquid thermosetting agent and are 
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not in the same manner as thermoplastic resins suitable for 
treatments such as hot pressing or extrusion of for example 
tubes. 

5 According to another preferred embodiment, the polymer is a 
polyolefin. Polyolefins are particularly suitable for the 
method according to the invention and are also often both 
inexpensive and environmentally friendly. 

10 According to another preferred embodiment, the polymer is 
polyethene. Polyethene is inexpensive, harmless to the 
environment, and has physical as well as mechanical 
characteristics which make it very well suited to be 
extruded to and used as for example tubular products. 

15 

According to another preferred embodiment of the method, the 
inorganic hydroxide is of the kind which, when it is heated 
to a certain temperature, is split to form water. Thereby 
the risk is further reduced that the material, when it is 
20 exposed to strong heat or to a flame, will catch fire. 

According to another preferred embodiment, the inorganic 
hydroxide comprises aluminiumtrihydrate as main component. 
Aluminiumtrihydrate is very suitable as a f ire - inhibiting 
25 component in a polymer based material. It may be produced in 
the form of a powder with a small average particle size and 
has, furthermore, the advantage that it is harmless to the 
environment and not poisonous for humans. 

30 According to another preferred embodiment, the treatment 
comprises subjecting the mixture to a mechanical force at an 
elevated temperature. A typical example of such a treatment 
is hot pressing. Another example is extrusion. 

35 According to another preferred embodiment, the solid body, 
which is formed by the treatment, is subjected to electron 
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radiation. By electron radiation it is possible to crosslink 
for example polyethene, which gives this material further 
improved mechanical characteristics. Normally, when the 
content of an inorganic hydroxide, such as ATH, is high, 
5 there are considerable difficulties to obtain any 
crossl inking worth mentioning in a polymer material such as 
polyethene by electron radiation. The method according to 
the invention allows, however, a low content of the 
inorganic hydroxide, whereby crosslinking by electron 
10 radiation is made possible. 

According to a further preferred embodiment, the proportion 
of inorganic hydroxide in the mixture is less than 40% by 
weight, preferably less than 25% by weight, suitably between 
15 5 and 20% by weight. 

A further purpose with the invention is to provide a 
composition comprising a particulate polymer and a 
particulate, inorganic hydroxide, which composition is 

20 suitable to form a solid body which is to a large extent 
fire resistant due to the inorganic hydroxide, but where the 
latter is present at such a low content that it does not to 
any noteworthy extent influence the physical and mechanical 
characteristics of the body. For this purpose a good 

25 distribution of the inorganic hydroxide in the composition 
is required. The composition should be such that it makes 
such good distribution possible. 

This purpose is achieved by a composition as initially 
30 defined, which is characterised in that the particulate 
polymer has an average particle size in the order of 500 urn 
or less. 

As described above in connection with the method, the 
35 composition may also contain very small parts of other 
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materials, for example stabilizers for the polymer in the 
form of antioxidants. 

According to a preferred embodiment, the average particle 
5 size is in the order of 250 pm or less, preferably 100 Jim or 
less, and most preferred 25 urn or less. It has been found 
that a smaller average particle size of the polymer results 
in a better distribution of the inorganic hydroxide and in 
that the latter therefore may exist at a lower content at 
10 the same time as acceptable fire resistant properties are 
maintained for the body which is formed from the 
composition. 

According to a preferred embodiment, the polymer is a 
15 thermoplastic resin, preferably a polyolefin and most 
preferred polyethene. The reasons for this choice of 
material have already been mentioned in connection with the 
description of the method according to the invention. 

According to a preferred embodiment, the inorganic hydroxide 
is of the kind which, when it is heated to a certain 
temperature, is split to form water. Preferably, the 
inorganic hydroxide comprises aluminiumtrihydrate, ATH, as 
main component. The advantages with this choice of material 
have already been described in the description of preferred 
embodiments of the method according to the invention. 

According to a preferred embodiment, the proportion of 
inorganic hydroxide in the composition is less than 40% by 
3 0 weight, preferably less than 25% by weight, suitably between 
5 and 20% by weight. 

Another purpose of the invention is to define a use for 
which the composition according to the invention is 
35 particularly advantageous. One such use is the production of 
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a solid body, suitable to constitute a component in a power 
electronics device . 

Preferably this use concerns a use where the component in 
5 question is a tube suitable for allowing a cooling medium to 
run therethrough. 

Another suitable use of the component is for electric 
apparatuses, in particular for electrical apparatuses which 
10 are used within a low voltage range (up to about 1000 volt) . 
In such electrical apparatuses, the component in question 
may be used both as a material of construction and as an 
insulator. 

15 EXAMPLE 

A very fine particulate polyethene powder with a 
particularly advantageous average particle size (average 
particle size « 20-40 |im) is mixed with a fine particulate 

20 aluminiumtrihydrate , ATH in powder form with an average 
particle size in the order of 1-3 Jim. The composition formed 
thereby was pressed at a moderate temperature (in the order 
of 150°C) . A solid body was thereby obtained. This body was 
exposed to electron radiation, such that crosslinked 

25 polyethene was formed. 

The amount ATH in the composition was only in the range of 
12% by weight. In spite of this comparatively low content of 
ATH, the formed body obtained fire resistant properties 

3 0 according to the class UL V0 for a 9 mm thick test rod, that 
is the best fire classification according to Underwriter's 
Laboratories. The result may be explained in that the fine 
particulate form of the polymer, in this case the 
polyethene, gives a very good mixture of and thereby a good 

35 distribution of the aluminiumtrihydrate, ATH, in the 
composition. Thereby the efficiency of the ATH becomes much 
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higher. The low content of ATH, on the other hand, brought 
about that the ductility of the body was only influenced to 
an insignificant degree and was close to that of pure 
polyethene. It could also be established that a relatively 
5 high degree of crosslinking was obtained in the polymer, in 
this case about 73%, which may also be attributed to the 
small influence which ATH has on the composition when it is 
present at such a low content as in this case. 

10 Of course, a number of varieties and alternative embodiments 
of the invention will be obvious to the person skilled in 
the field without this person thereby departing from the 
invention. The scope of protection of the invention is 
defined primarily by the appended main claims. 

15 

Furthermore, it is presupposed that the given average 
particle sizes are valid for particle or powder batches 
where the particle size distribution is of a normal kind for 
this technical field and where any important deviations from 
2 0 the average particle size in individual particles therefore 
do not exist at all or exist only exceptionally. 

As a further example of an inorganic hydroxide with the 
ability to split to form water, magnesium hydroxide may 
25 additionally be mentioned. 
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C3.ai.mg 

1. A method of producing a material, according to which 
method 

- a particulate polymer is mixed with a particulate 
inorganic hydroxide, and 

- the mixture is treated in such a manner that it 

forms a solid body, characterised in that the polymer, 
before said treatment, is given an average particle size in 
the order of 500 micrometers or less. 

2. The method according to claim 1, characterised in that 
the polymer is given an average particle size in the order 
of 250 micrometers or less. 

3. The method according to claim 1, characterised in that 
the polymer is given an average particle size in the order 
of 100 micrometers or less. 

4. The method according to claim 1, characterised in i-h^t 
the polymer is given an average particle size in the order 
of 25 micrometers or less. 

5. The method according to anyone of the claims 1-4, 
characterised in that the polymer is a thermoplastic resin. 

6. The method according to anyone of the claims 1-4, 
characterised in that the polymer is a polyolefin. 

7. The method according to anyone of the claims 1-4, 
characterised in that the polymer is polyethene. 



8. The method according to anyone of the claims 1-7, 
Charactered in that the inorganic hydroxide is of the kind 
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which, when it is heated to a certain temperature, is split 
to form water. 

9. The method according to anyone of the claims 1-8, 
5 characterised — in that the inorganic hydroxide comprises 

aluminiumtrihydrate as main component. 

10. The method according to anyone of the claims 1-9, 
Characterised in that the treatment comprises subjecting the 

10 mixture to a mechanical force at an elevated temperature. 

11. The method according to anyone of the claims 1-10, 
Characterised — in that the treatment comprises one of 
pressing or extrusion. 

15 

12. The method according to anyone of the claims 1-11, 

characterised in that the solid body is subjected to 

electron radiation. 

20 13. The method according to anyone of the claims 1-12, 
characterised in that the proportion of inorganic hydroxide 
in the mixture is less than 40 percentage by weight. 

14. The method according to claim 13, characterised ip that 
25 the proportion of inorganic hydroxide in the mixture is less 

than 25 percentage by weight. 

15. The method according to claim 13, characterised in that 
the proportion of inorganic hydroxide in the mixture is 

30 between 5 percentage by weight and 20 percentage by weight. 

16. Composition comprising a particulate polymer and a 
particulate, inorganic hydroxide, which composition is 
suitable to be treated in such a manner that it forms a 

35 solid body, characterised in that the particulate polymer 
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has an average particle size in the order of 500 micrometers 
or less. 

17. Composition according to claim 16, characterised in 
5 .that the particulate polymer has an average particle size in 

the order of 250 micrometers or less. 

18. Composition according to claim 16, characterised in 
that the particulate polymer has an average particle size in 

10 the order of 100 micrometers or less. 

19. Composition according to claim 16, characterised in 
that the particulate polymer has an average particle size in 
the order of 25 micrometers or less. 

15 

20. Composition according to anyone of the claims 16-19, 
Characterised in that the polymer is a thermoplastic resin. 

21. Composition according to anyone of the claims 16-19, 
2 0 characterised in that the polymer is a polyolefin. 

22. Composition according to anyone of the claims 16-19, 
characterised in that the polymer is polyethene. 

25 23. Composition according to anyone of the claims 16-22, 
Characterised in that the inorganic hydroxide is of the kind 
which, when it is heated to a certain temperature, is split 
to form water. 

30 24. Composition according to anyone of the claims 16-23, 

Characterised in that the inorganic hydroxide comprises 

aluminiumtrihydrate as main component. 

25. Composition according to anyone of the claims 16-24, 
35 characterised in that the proportion of inorganic hydroxide 
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in the composition is less than 40 percentage by weight, 
preferably less than 25 percentage by weight. 

26. Composition according to claim 25, characterised in 
that the proportion of inorganic hydroxide in the 
composition is between 5 percentage by weight and 20 
percentage by weight. 

27. Use of a composition according to anyone of the claims 
16-24 for the production of a solid body, suitable to 
constitute a component in a power electronics device. 

28. Use according to claim 27, characterised in that the 
component is a tube suitable for allowing a cooling medium 
to run therethrough. 
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